IN any discussion relative to derangement of the hearing, it is necessary to define the degree of deafness of the patients in terms of some exactitude. This is particularly necessary when we are recording the results of treatment in a given case, for it is easy to convince both the patients and ourselves that they hear better, when this is not in fact the case.
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Lowndes Yates: Quantitative lTests of Hearing Heparin had no deleterious effect on the leucocytes in the concentration required to stop clotting of the blood. Intravenous injections of mercuric chloride had been used for a long time in the treatment of acute infections, but they had been used with the intention of directly killing or inhibiting the microbes by the chemical. In 'water it was a very potent antiseptic, but when added to blood its power was much reduced and in any concentration which could be injected it would not by itself kill the bacteria.
Whatever lethal action it had was exerted in association with leucocytes and was more or less specific for hswnmolvtic streptococci.
Methods of Estimating Certain Alterations in the Middle-ear by
Means of Quantitative Tests of Hearing.
By A. LOWNDES YATES, M.D.
IN any discussion relative to derangement of the hearing, it is necessary to define the degree of deafness of the patients in terms of some exactitude. This is particularly necessary when we are recording the results of treatment in a given case, for it is easy to convince both the patients and ourselves that they hear better, when this is not in fact the case.
There are two main factors in our power of hearing. The first of these is the power of hearing simple tones, which need no interpretation, such as the sounds of tuning forks, or noises in the street. This power of hearing simple tones is clearly the primitive form of hearing which all the lower animals possess. The second is the power of interpreting the sounds of speech. This is a power higher in the stage of evolution than the first, and in the main, peculiar to man.
It is not surprising, therefore, that, when the mechanism of an ear becomes deranged, this power of interpretation of the sounds miiay be reduced more than the power of hearing simple notes. THE NEED OF QUANTITATIVE TESTS OF HEARING. It is the custom when we test a patient's hearing to record the distance at which he can hear the voice of ordinary conversation. As voices differ, the distance at which the tester's voice can just be heard by the normal ear should be invariably stated. Otologists can train themselves to speak with a conversational voice which can be heard by the normal ear at 25 ft. and not at 26. It will be seen that in such a case, the result of testing may be expressed by saying that the patient hears at, say, 5 ft. what he should hear at 25. The same degree of deafness will enable him to hear at 20 ft. what he should hear at 100 ft., etc. This fact may be expressed in terms which are common to all distances by the statement that a patient's hearing distance in this case is diminished by 80 per cent.
It is on this principle that the quantitative tests of hearing can be, I think, most easily carried out. Since, however, it is of little use to record only conversation by a quantitative method, I set about to find a means of quantitative testing by the tuning fork. The first record of any such attempt is to be found in the second volume of Lord Rayleigh's book on sound. Certain alterations of his method are necessary to fit it for use by the otologist. These alterations have in consequence been introduced. The principle of quantitative testing is then that of finding the quarter intensity period of a tuning fork, heard without resonance, and damped constantly to a similar degree, as if held closely to the tragus. The distance from the tragus which has been chosen is a quarter of an inch. By this method we find that when a fork is struck, and is held in air at 12 in. from the tragus, it ceases to be heard, but can be heard again when placed close to the tragus for a definite number of seconds. Repeating the experiment with the fork at 6 in., 3 in. and 1i in., gives us a rough approximation of its quarter intensity period. Applying the formula dealing with the decay of bodies in vibration proves that the zero point of hearing is not at the tragus, but half an inch inside this. We can confirm this by a second experiment, in which the fork is placed at 111 in., 5i in., 21 in., 1 in. and a quarter of an inch from the tragus, and we then find that the number of seconds for which the& fork can be heard at the tragus is less by the quarter intensity period in each of the successive positions of this experiment. From these figures we can calculate the distance at which the fork can be heard by the normal ear in any second of its ordinary vibration. It is thus possible to make a table for all the tuning forks, and by taking the time for which the observer's normal ear can hear the tuning fork after the patient has ceased to hear it, we can compute the distance at which the normal ear would have heard the fork at the moment that the patient ceased to bear it. Rendering this fraction in percentages, we can assess the diminution of the hearing distance for notes of the same pitch as the fork, thus, adding half an inch for the zero point of hearing, the patient hears at a quarter of an inch from the tragus, plus half an inch, what he should have heard at one inch, plus half an inch, that is to say, his hearing distance is diminished by 50 per cent. in this particular case.
I used a set of tables for quantitative testing for several years before it occurred to me that it was possible to make a graph recorder which would do the same thing semi-automically. THE which it is placed when we wish to take a graphic record of the hearing. On the graph form the ordinates represent the degree of diminution of the hearing distance in percentages, both for air and bone conduction. The abscissa represents the pitch of sound, and the numbers on it are therefore in geometrical progression, 16, 32, 64, etc. The graph recorder is slit opposite to each of these numbers throughout the length of the ordinate in question. Along the right-hand side of the slit are numbers which represent the number of seconds for which the observer's normal ear can hear the tuning fork after the patient has ceased to hear it. The position of the divisions of the ordinate, which correspond to the number of seconds, is determined by this simple formula, in which t " is the number of seconds for which the fork can be heard at D2 after ceasing at DI, and " n " is the number of the seconds for which we wish to find the diminution of the hearing distance. When we use the graph, the fork of 32 D.V. is listened to by the patient at 4 in., and he lifts his finger when he no longer bears it; the observer then listens to it at i in. and notes the number of seconds for which he hears it for longer than the patient. If, for example, this is 16, he puts his pencil through the slit of 32 D.V. in the graph recorder and marks the underlying card opposite to the number 16 on the scale. This gives him the percentage diminution of the bearing distance for this pitch on the graph. The same observation is then repeated with the other forks. Above 2048, the Galton's whistle, monochord, or audiometer is used, and the percentage diminution of the hearing distance determined by the distance at which The bone conduction is then tested, and the figures on the left of the slit are here employed. If bone conduction is increased the observer cannot hear it on his mastoid, but listens to it in the air. The number of seconds for which he hears it by air, after the patient has ceased to hear it on the mastoid, indicates the position in which he has to mark the graph. If bone conduction is diminished, the number of seconds for which the observer hears it on his mastoid for longer than the patient, shows him where to mark the card. Fig. 1 shows the graph recorder; it is made from one of the printed cards, and the printed figures at the side should be examined, for in the smaller diagrams they are not easily read.
The following audiographs will serve to illustrate the objects of the method. Fig. 2 is a record of the power of the ear to hear sounds of different pitch but of unit intensity. The lowest and the highest sounds are heard with but a fraction of their true intensity, while notes of 512 to 4096 are-recorded nearly with their full intensity. This proves that any method by which we try to record hearing in terms of true intensity will be too complicated for every-day employment. Fig. 4 represents the hearing of a patient in whom there is slight deafness for the notes of the lowest pitch. Her spontaneous power of hearing conversation is reduced by 90 per cent. H.D. On being touched on the shoulder so that she attends, she can hear conversation with a diminution of 47 per cent. H.D., i.e., 47 per cent. of the normal hearing distance, that is to say, she hears a 25 ft O.C.V. at 12 ft. when attending, and at 1 ft. when not attending. If her attention is secured by throwing an additional noise into her opposite ear, she hears the O.C.V. as well as if she had been touched upon the shoulder. This forms the simplest variety of paracusis paradoxica and proves that it is necessary to exclude this spurious form before we deal with paracusis paradoxica proper. Fig. 5 shows obstructive deafness in its most simple type, for in this case the deafness was due to wax in the meatus. Fig. 6 shows deafness due to chronic middle-ear catarrh. Both in this and in fig. 4 it will be seen that the percentage diminution of the hearing distance by air conduction is roughly equal to the percentage increase of the hearing distance by bone conduction. The latter term, hearing distance by bone conduction, indicates the distance at which the same sound that is heard by bone would be heard in air. Fig. 7 shows the graph of a person with diminished bone conduction, the presence of middle-ear catarrh in addition has raised the bone conduction above the normal for the lower notes. Owing to the presence of mixed internal and middle-ear deafness the balance between the air and bone conduction, which is found in the obstructive type of deafness, is not maintained. Fig. 8 shows the graph of hearing of a patient with marked deafness, probably due to that type of otosclerosis which follows middle-ear catarrh. This patient heard better in a noise of 64 D.V., because she could not hear this sound which deafened normal ears. This I have called false paracusis.
O. Fig. 9 shows the graphs of hearing of a patient suffering from true paracusis. The note of 64 D.V. caused an actual increase of her hearing throughout a certain range. Fig. 10 represents the graph of a patient who, on being tested with the fork of 512 vibrations, said: " That is the noise which I am always hearing in my ear." It will be seen that owing to his tinnitus the line of hearing on the graph is markedly debased.
Audiographs, such as these, take no longer to prepare than is required to make a full examination of the hearing, and they are, I think, useful in research work and in cases in which we want to know if some definite line of treatment causes improvement in the hearing. If there is any value in the method, it is due largely to knowledge gathered from the works of those great masters of the subject, Lord Rayleigh and 'Professor Helmholtz, while the recent work of Mr. Somerville Hastings on paracusis has proved of very great assistance. The credit of being the first to FIG. 10. attempt quantitative testing of the bearing, however, belongs apparently to Sir James Dundas-Grant, and from his paper on the matter and from the discussion on it I have derived much useful information which served to put right errors in the method during the earlier progress of the work.
My thanks are also due to the Comptometer Concessionaires of Livery Street, Birmingham, who assisted in the earlier stages of the work.
Sir JAMES DUNDAS-GRANT thanked Mr. Yates for his reference to some work which he (the speaker) had done many years ago. He had been much indebted to the late Dr. Womack. It was necessary to make out the logarithmic rate of decrement in each particular fork. Dr. Womack had worked that out with him, and the result was published in the " Report of the Ninth International Congress on Otology," Boston, 1912. It was shown to be a scientific method for testing the length of time that a 100 per cent. hearer was able to hear the fork after the patient had ceased to hear it, and it was not necessary that the test should be during the fork's maximum amplitude, but at any part, thus eliminating the need for giving the fork the smartest possible blow. The amplitude (A) after a certain time (t) was equal to theoriginal amplitude (Ao) multiplied by " e " to the power of --t, K being the logarithmic rate of decrement per second.
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It was found that the ratio of acuteness of auditory perception depended only on the difference of duration of hearing, and on the constant K; i.e., it was something which could be measured by physical meth6ds in any physical laboratory, and the results and various differences could be calculated by any who were skilled in the business use of logarithms. Hartmann's chart gave only the duration of a normal person's hearing of a fork after the patient heard it no longer. The formula which the late Dr. Womack and himself had constructed was for air conduction only, because bone conduction needed a good deal of discrimination. A complete exalmlination of both ears occupied about twenty n-inutes.
Case of Acute Suppuration of the Middle-ear with Comparative
Absence of Aural Symptoms. Thrombo-phlebitis of Lateral Sinus. Operation. Recovery.
By Sir JAMES DUNDAS-GRANT, K.B.E., M.D.
A BOY, aged 9, was sent to a convalescent home on account of debility, and was returned on account of rises of temperature and increased constitutional disturbance; he made no complaint of ear symptoms, but my colleague, Mr. Tudor Edwards (who saw him on account of glandular swelling in the neck), considered the temperature curve like that of lateral sinus phlebitis. I found a "quiet " bulging of the posterior part of the right tympanic membrane, and Mr. Ormerod confirmed my observation.
Puncturing the membrane evacuated a drop of bright muco-pus. I then opened the mastoid by Schwartz's method and, as the symptoms persisted, exposed and evacuated the sigmoid sinus, and afterwards the jugular vein in the neck. This, which was thickened and filled with the remains of clot, was divided as low down as possible, and brought out on to the surface of the neck. I introduced a catheter up as far as the roof of the jugular bulb, practised suction and gentle syringing, and effected a communication between the mastoid and the cervical orifices of the tube. The patient made a gradual recovery, having a voracious appetite throughout. The membrane healed up completely, and when last seen the hearing was good. No radical mastoid operation was performed.
Mr. W. STUART-Low said that he woujd like to have seen the temperature chart and a report of the examination of the blood. Recently two of his own patients had recovered without operation after having had temperatures ranging from 102°to 1050 F. with wellmarked rigors, and streptococci had been found in the blood.
Collargol ointment applied lightly, freely, and frequently to the neck on the affected side was readily absorbed through the skin, and by way of lymphatics and blood-stream helped to retard and resolve the septic clot in the jugular. Large doses of the old Edinburgh tincture of iron combined with 5 grains of quinine, which had a specific action against streptococci in the blood, were most useful, as, doubtless, such cases were pathologically erysipelatous in nature. The employment of an antistreptococcal vaccine or serum was frequently indicated, as this had, been proved to prevent the formation of secondary foci.
Case of Supernumerary Auricle on Left Side, and Congenital
Malformation of Right Cheek.
By H. NORMAN BARNETT, F.R.C.S.Ed.
V. H., A GIRL, aged 11. Family History.-One brother who died at 2 years was unable to talk or use his legs, and mother thinks he was deaf.
Personal lHistory.-Mother thinks child was always deaf to some extent; but that her deafness was made worse by recent cold, and that she has not recovered her former hearing.
